The PRP8 intein is the most widespread intein among the Kingdom Fungi. This genetic element occurs within the prp8 gene, and is transcribed and translated simultaneously with the gene. After translation, the intein excises itself from the Prp8 protein by an autocatalytic splicing reaction, subsequently joining the N and C terminals of the host protein, which retains its functional conformation. Besides the splicing domain, some PRP8 inteins also have a homing endonuclease (HE) domain which, if functional, makes the intein a mobile element capable of becoming fixed in a population. This work aimed to study (1) The occurrence of this intein in Histoplasma capsulatum isolates (n = 99) belonging to different cryptic species collected in diverse geographical locations, and (2) The functionality of the endonuclease domains of H. capsulatum PRP8 inteins and their phylogenetic relationship among the cryptic species. Our results suggest that the PRP8 intein is fixed in H. capsulatum populations and that an admixture or a probable ancestral polymorphism of the PRP8 intein sequences is responsible for the apparent paraphyletic pattern of the LAmA clade which, in the intein phylogeny, also encompasses sequences from LAmB isolates. The PRP8 intein sequences clearly separate the different cryptic species, and may serve as an additional molecular typing tool, as previously proposed for other fungi genus, such as Cryptococcus and Paracoccidioides.
Introduction
Inteins, or ''internal proteins'', are coding sequences that occur in eukaryotes, bacteria, archaea (Perler, 2000) , and some viruses (Pietrokovski, 1998) . Inteins are transcribed and translated with flanking sequences (exteins), and are subsequently excised by an autocatalytic process allowing the host protein to assume its normal conformation and function (Xu et al., 1993; Chong et al., 1996) . Intein host genes are usually those that encode for house-keeping proteins, such as metabolic enzymes, polymerases and others. Although inteins do not improve the fitness of the host organism, their localization at important and thus conserved sites may be the reason for their ''survival'', since they recognize specific and conserved genetic niches in the genome by the homing process (Liu, 2000) .
Three types of inteins occur in nature: the bi-functional inteins, whose splicing (Spl) domain is interrupted by a homing endonuclease (HE) domain; the mini-inteins that have a continuous splicing domain; and the split-inteins, whose N and C-terminal portions of the Spl domain can perform protein trans-splicing after translation (Perler, 2000) . The Spl and HE intein domains present conserved amino acid motifs related to their functionality, known as blocks. The Spl domain allows for precise excision of the intein from the host protein, and is comprised of blocks A and B that facilitate N-Splicing, and blocks F and G that facilitate C-Splicing. The central HE domain is comprised of blocks C, D, E and H that are responsible for the mobility of the intein (Fig. 1) . Mobility of this parasitic element may result in occupation of empty alleles, subsequent duplication, and fixation in sexual populations (Koufopanou and Burt, 2005) .
The population dynamics of the HEs seems to follow a model of invasion, fixation, degeneration, loss and reinvasion. Once the intein is established in the population, there is no selection for endonuclease functionality, since this domain can degenerate by mutations, deletions and genetic drift. Once ''empty'', HE sites will eventually be reoccupied again, according to the cyclic model proposed by Koufopanou and Burt (2005) . However, a recent analysis of HE inteins suggested that the HE domain can persist over long evolutionary times for several reasons, including its higher recombination frequency, complex host population structures that prevent the fixation of HE, and changes in host fitness as a result of HE replication and fixation (Gogarten and Hilario, 2006) . Most of the inteins described in eukaryotes occur in fungi, and one of the most studied is the PRP8 intein (Perler, 2000) , which occurs as either a mini or a bi-functional intein within the prp8 gene that encodes for the highly conserved Prp8 nuclear protein. Prp8 is critical to spliceosome activity in eukaryotic cells because it is required for pre-mRNA splicing prior to protein translation (Grainger and Beggs, 2005) . The PRP8 intein occurs intermittently in all fungal phyla, yet is best described among the Ascomycota, including the important human pathogens Aspergillus fumigatus (Order Eurotiales), Paracoccidioides brasiliensis, Histoplasma capsulatum (Butler et al., 2006) , Emmonsia parva and Blastomyces dermatitidis (Theodoro et al., 2011 ) (Order Onygenales), as well as in the phytopathogen Botrytis cinerea (Butler et al., 2006) . PRP8 inteins are thought to have functional HE domains because they are saturated with synonymous base substitutions and thus may be constrained by selection (Butler et al., 2006 ), yet the only one proven to be functional is BciPRP8, found in B. cinerea (Bokor et al., 2010) . PRP8 HE domains are very diverse, possibly due to their long evolutionary history (Butler et al., 2006) , and thus have the potential for inferring phylogenetic relationships within fungal species. Butler and Poulter (2005) studied PRP8 intein diversity and successfully distinguished strains of two varieties of Cryptococcus neoformans (neoformans and grubii) and C. gattii., and in 2008, Theodoro et al., 2008 used PRP8 intein sequences to differentiate isolates belonging to the four cryptic species of Paracoccidioides genus: S1, PS2, PS3 (Matute et al., 2006) and Pb01-like (Teixeira et al., 2009) .
In this work, we examine the distribution and phylogenetic relationships of PRP8 inteins among isolates belonging to the H. capsulatum complex. H. capsulatum (teleomorph, Ajellomyces capsulatus) is a thermally dimorphic fungus of the Ajellomycetaceae family (Untereiner et al., 2004 ) that occurs world-wide and causes the disease histoplasmosis in humans (Rippon, 1988; Kwon-Chung and Bennett, 1992) . The fungus grows as a saprobe in nature, often in soil containing accumulated guano. If this soil is disturbed, microconidia may be inhaled, where conditions prompt conversion of the fungi to yeasts that can persist in host tissues. Histoplasmosis is primarily a disease of the lungs, and the vast majority of infections are asymptomatic. However acute respiratory symptoms may occur and H. capsulatum infection can become disseminated in immunocompromised persons (Kwon-Chung and Bennett, 1992) .
H. capsulatum was formerly divided in three varieties: capsulatum, farciminosum and duboisii (Rippon, 1988) . In 2003, Kasuga et al. (2003) used multi-locus sequencing to define phylogenetic relationships among Histoplasma and led to the identification of cryptic species that fell within delineated geographic clades. Here, we compare PRP8 intein sequences among these cryptic species in order to further our understanding of (1) the presence of this genetic element in different populations of H. capsulatum; (2) intein functionality in Histoplasma, suggested by in silico analysis; (3) the phylogenetic relationships among these inteins sequences, since the PRP8 intein has proven to be suitable to differentiate among cryptic species from other fungal pathogens and (4) the evolutionary pattern of the PRP8 intein in Histoplasma genus, concerning the divergence among the cryptic species proposed previously by Kasuga et al. (2003) .
Material and methods

H. capsulatum isolates and culture
A total of 99 isolates were used in this work, 33 of which were previously identified by phylogenetic analysis (Kasuga et al., 2003) . These belonged to the following geographic clades; Latin American A (LAmA, 9), Latin American B (LAmB, 5), North American 1 (NAm1, 3), North American 2 (NAm2, 7), Africa (2), Eurasia (2), Netherlands (1), H66 lineage (1), H69 lineage (1), H81 lineage (2). The remaining (66) (H. capsulatum isolates had no previous identification (Table 1). All isolates were revived from frozen stock on Brain Heart Infusion (BHI) agar slants and maintained as mycelia at 27°C until growth was sufficient for harvesting and DNA extraction, which ranged from 2 to 4 weeks.
DNA extraction
DNA was isolated using the DNeasy Ò Blood and Tissue Kit (Qiagen, Valencia, CA) with slight modifications to the manufacturer's instructions. For each isolate, two to three colonies of H. capsulatum mycelia were picked from the BHI slants and placed in 5 ml polypropylene tubes containing 800 ll Qiagen ATL buffer and 60 U of proteinase K. The mycelia were homogenized using the Omni TH Mixer (Omni Intl., Kennesaw, GA) at slow speed for 30 s and then high speed for 30 s, using a clean probe between each isolate. Homogenates were capped and incubated at 55°C for 1 h with frequent vortexing and then cooled at room temperature (RT). RNase A (Sigma-Aldrich Corp., St. Louis, MO) was then added to a final concentration of 1 mg/ml and incubated for 5 min at RT, followed by the addition of 900 ll Qiagen buffer AL and vortexing. Homogenates were incubated at 70°C for 10 min, then transferred to 1.7 ml microcentrifuge tubes and centrifuged at 10,000Âg for 10 min. Clear supernatants (1 ml each) were transferred to clean microcentrifuge tubes and a 50% volume of ethanol (Sigma-Aldrich Corp.) was added. The suspensions were vortexed and transferred to Qiagen DNeasy columns, and manufacturer's instructions were followed throughout the remainder of the procedure, and DNA was eluted in 200 lL of Tris HCl 10 mM, pH 8.0, and maintained at À20°C.
Multi-locus sequence typing
Multi-locus sequencing was performed to determine geographic clade identities of 66 unknown H. capsulatum isolates using the phylogeny schema developed by Kasuga et al. (2003) . DNA was Fig. 1 . PCR scheme of the amplification of the HcaPRP8 intein. Extein, Spl and HE refer to the host gene, splicing domain and homing endonucleases domain, respectively. N is for amino and C is for carboxyl terminals. A-E, H, F and G refer to the conserved motifs (blocks) of the Splicing and HE domains. P127/P128 and P129/P131 are the primer pairs used for the amplification of the 5 0 and 3 0 ends and the core of the PRP8 intein, respectively, for all isolates of Histoplasma capsulatum listed on Table 1 . amplified using previously described primers for four genetic loci (Kasuga et al., 1999) , ADP-ribosylation factor, H antigen precursor, delta-9 fatty acid desaturase, and alpha-tubulin. PCR was performed in 25 lL reactions containing 0.2 lM each forward and reverse primer, 2.5 mM MgCl 2 , 0.2 mM each dNTP, and 0.625 U Taq DNA Polymerase (Roche Carolina Inc., Florence, SC) in a buffer of 10 mM Tris pH 8.3/50 mM KCl. Thermal cycling was performed in MicroAmp 96-well optical reaction plates using the GeneAmp PCR System 9700 (Applied Biosystems, Inc., Foster City, CA) as follows: 1 cycle of 94°C for 5 min; 12 cycles of denaturation at 94°C for 15 s, annealing at 65°C for 30 s (decreasing 0.7°C each cycle), and extension at 72°C for 1 min. Twenty more cycles were run using the same parameters, but the annealing temperature was held constant at 56°C, with a final extension at 72°C for 5 min. Amplicons were sized on 1.75% agarose and visualized with ethidium bromide under ultraviolet light and were treated with Exo-SAP-IT (USB Corp., Cleveland, OH) according to manufacturer's instructions for primer digestion and nucleotide dephosphorylation. Sequencing with locus-specific primers was performed using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems Inc.) in a 3730 DNA Analyzer (Applied Biosystems, Inc.). Consensus sequences were generated from raw data using Sequencher 4.9 software (Gene Codes Corp., Ann Arbor, MI), aligned using MUSCLE algorithm (Edgar, 2004) , implemented in MEGA v5.0 (Tamura et al., 2011) . ARF consensus sequences were manually concatenated with those of ANTI-H, OLE and TUB in the BioEdit Sequence Alignment Editor (Hall, 1999) . The alignment file was converted to Phylip format in the software DAMBE (Xia and Xie, 2001 ) and a Maximum Likelihood (ML) phylogenetic analysis was performed using the program PhyML 3.0 (Guindon et al., 2010) . The Kimura-2-parameters model (Kimura, 1980) , pointed as the best fit substitution method by MEGA v.5.0 (Tamura et al., 2011) , was used as evolutionary model. The Ti/Tv ratio, gamma shape parameter, and proportion of non-variant sites were estimated by maximum likelihood from a Neighbor-Joining tree (BIONJ). Bootstrap re-sampling (Felsenstein, 1985) was applied to assess support for individual nodes using 1000 replicates with random additions and NNI (Nearest Neighbor Interchange) was used as tree topology search operation. FigTree v.1.3.1 software (Rambaut, 2006) .
Primer design and PCR for amplification and sequencing of HcaPRP8 inteins
Two primer pairs were designed for the complete sequencing of the PRP8 intein from H. capsulatum isolates. The primers P127 (5 0 TCAACTGATGAAGAGCAATCC 3 0 ) and P128 (5 0 TGGATCAAT-GAAATCTTCAAGG 3 0 ) were designed based on the prp8 gene sequences flaking the HcaPRP8 intein (Fig. 1) , from the Broad Institute website database (http://www.broadinstitute.org/annotation/genome/histoplasma_capsulatum) in HCBG_00494.2 locus of H. capsulatum G186AR strain.
Based on the sequencing of the 5 0 and 3 0 ends, the primers P129 (5 0 CAGAGAGTTTATCATCAACC 3 0 ) and P131 (5 0 ATTCTGAGGTTGA-CAGTACC 3 0 ) were designed in conserved regions to amplify and sequence the internal region of the PRP8 intein (Fig. 1) . PCR was carried out in a 25 lL reactions containing $20 ng of the extracted DNA, 10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, 0.2 mM dNTP (Roche), 0.8 lM of each primer and 0.625 unit of Taq Polymerase (Roche), in a Veriti thermal cycler (Applied Biosystems). The thermal cycling conditions were: 95°C for 4 min followed by 40 cycles of 95°C for 1 min, 54°C for 1 min and 72°C for 2 min, and a final cycle of 72°C for 10 min. The PCR products were identified by 1.0% agarose gel electrophoresis stained with ethidium bromide. The amplicons were purified by using Exosap-IT according to manufacturer's instruction and PCR primers were used for sequencing in a 3730 DNA Analyzer (Applied Biosystems) as described for MLST.
Sequence and phylogenetic analyses
The sequences of each isolate were initially analyzed with the software MEGA version 5.0 (Tamura et al., 2011) , where the sequences from 3 0 and 5 0 ends and from the core of the PRP8 intein were joined and a consensus sequence of the entire PRP8 intein was obtained for each isolate. The codon sequences were aligned by using the MUSCLE. After that, the unique sequences (those that were identical to each other, representing a haplotype) were identified and the alignment converted to Phylip format using the software DAMBE (Xia and Xie, 2001 ). Nucleotide variation, substitution patterns, and genetic distances were examined using MEGA version 5.0 (Tamura et al., 2011) .
The translated sequences were compared to the VMA Intein from Saccharomyces cerevisiae (GenBank access number: Q874G3) in order to observe the presence or absence of the two aspartic acid residues (Asp-218 and Asp-326) that are involved in the activity of the homing endonuclease (Posey et al., 2004; Koufopanou and Burt, 2005) .
The deduced amino acid sequences of the HcaPRP8 inteins haplotypes were aligned together with the amino acid sequence of the BciPRP8 (PRP8 intein from B. cinerea, locus number BC1G_06754.1 -Broad Institute database), the only PRP8 intein whose functionality of HE domain was proved by in vivo experiments (Bokor et al., 2010) , in order to address whether the HE domain from HcaPRP8 might be functional.
Maximum Likelihood (ML) phylogenetic analysis was performed using the program PhyML 3.0 (Felseistein, 1993) , with the same parameters used for the MLST phylogeny. The best evolutionary model, calculated in MEGA v5.0 (Tamura et al., 2011) was also the Kimura-2-parameters.
Results
Multilocus sequence typing and phylogenetic analysis
The 66 H. capsulatum isolates were predominantly identified as belonging to the NAm2 clade (58/66, 88%, Fig. 2 ). Of the remaining isolates, four belonged to NAm1, three to LAmA, and one to LAmB. All of the NAm 1 isolates showed 100% sequence identity to H9 (Kasuga et al., 2003) . The LAmA isolates were the most diverse, with none showing sequence identity with each other or isolates previously identified to that clade. The LAmB isolate 2368 showed 100% identity with H68, H70, and H75 from prior studies. Of the 58 NAm2 isolates, 9 were unique (1005, 1017, 2473, 2480, 2759, 2764, 2772, 2775, 2778) , as were three isolates delineated in prior studies (H84, H86, and H130). The remaining 46 NAm2 isolates shared identity with at least one other isolate. The NJ consensus tree (Fig. 2 ) was highly compatible with ML and MP trees generated using the same H. capsulatum four-locus MLST sequence alignment (data not shown).
PCR and sequencing of HcaPRP8 inteins
The PCR with the primers P127 and P128 amplified fragments of 1995 bp (part of the prp8 host gene or extein plus 1605 bp of the entire intein), whereas the PCR with the primers P129 and P131 amplified fragments of 625 bp from the core region of the PRP8 intein (data not shown).
Among the 99 complete PRP8 intein sequences analyzed, 44 haplotypes (GenBank access numbers: JX274602-JX274645) were found. Genetic distances calculated by employing the Kimura 2-parameter model (Kimura, 1980) ranged from d = 0.001 to d = 0.046 among the haplotypes. The greatest genetic distances were observed between the isolate H176 from Netherlands clade (Kasuga et al., 2003) and the remaining haplotypes (Supplementary material 1).
Deduced translation of the intein nucleotide sequences the 99 amino acids sequences resulted in identification of 10 unique sequences, showing that most of the substitutions observed in the nucleotide alignment were synonymous mutations. Both substitutions and indels were observed. The NAm2 isolate 2766 showed a deletion of nucleotides from intein positions 529-531, (the amino acid residue Gln from position 177) and intein sequences of H91, H143 (Africa clade), H9 haplotype, H127, and 2763 (NAm1 clade) had a GGG insertion in the positions 1144-1146 (the amino acid residue Gly, Supplementary material 2). Both indels occur between the blocks C and D from the HE domain.
The alignment of the conserved amino acid blocks, corresponding to the Spl and HE domains, including the PRP8 intein from B. cinerea (BciPRP8) shows a high conservation of the blocks, mainly those from Spl domain. All HcaPRP8 sequences, presented both essential aspartates (D) in blocks C and E, whereas the LAmA isolate 2761 presented an asparagine (N) in the place of the second essential aspartate (D) (Fig. 3) .
Phylogenetic analysis of the PRP8 intein sequences from Histoplasma isolates
According to the ML tree constructed, most isolates (58) fall within the NAm2 clade, while only 4 (isolates 2212, 1001, 2771 from H9 haplotype and 2763) fall within the NAm1 clade, one isolate (2368), from H68 haplotype, was identified as LAmB, and three (isolates CDC6206, 2134 and 2761) were identified as belonging to LAmA. The clades NAm1, NAm2, Africa, Netherlands and LAmB are monophyletic and very well resolved, with high bootstrap values. However, in the PRP8 intein phylogeny, the LAmA clade, which also encompasses the Eurasia isolates, as previously noticed by Kasuga et al. (2003) , also includes PRP8 intein sequences from LAmB and H81/H83 lineage isolates (Fig. 4 , in which the LAmA does not refer to a clade but indicates isolates which belong to LAmA clade identified in MLST analysis performed herein and by Kasuga et al., 2003) .
Discussion
Until now, Histoplasma PRP8 intein-encoding sequences had been sequenced for only the strains G217B, G186AR, WU24, H143 and JER2004 available in GenBank and Inbase databases. This is the first study in which a large, and therefore significant, number of Histoplasma samples were used in order to study the presence of the PRP8 intein as well as its polymorphisms in isolates belonging to the different cryptic species, previously proposed by Kasuga et al. (2003) .
By analyzing the HcaPRP8 sequences available online and performing a synonymous/non-synonymous analysis (dS/dN), by Nei-Gojobori method (Nei and Gojobori, 1986) , comparing PRP8 intein sequences from different fungal species, Poulter et al. (2007) and Butler et al. (2006) deduced that the HE from HcaPRP8 is active. In a population with active HE inteins it is expected to observe some individuals without the intein, which means that the HE is in the invasion and not in the degeneration phase of the homing cycle, therefore some empty alleles are likely in population. This scenario occurs for B. cinerea population, which has an active HE domain. So, that was our first question: whether we could find individuals without intein in Histoplasma population. Curiously, despite of the high dS/dN values found previously by Butler et al. (2006) ; the presence of the two essential aspartates (one in block C and the other in block E, of the HE domain) in almost all samples and the high conservation of residues from HE blocks (when the HcaPRP8 amino acid sequences are compared to the BciPRP8 in Fig. 1 ), all the isolates herein evaluated presented a bi-functional PRP8 intein. This might indicate that the intein is fixed in this population and, because of the observation of one isolate with a substitution in the second aspartate (D was replaced with N), we could speculate that the degeneration process of the HE might have begun in some Histoplasma populations.
While the HE function is still unsure, the splicing activity of HcaPRP8 is very well known. Besides the presence of essential residues, such as the first Cys in block A, the motif TxxH in block B and the last His and Asn in block G, as well as the high conservation of all Spl domain, the splicing of HcaPRP8 was already experimentally observed by Liu and Yang (2004) in a non native extein (between a maltose binding protein and a thioredoxin), in Escherichia coli model. The precursor protein, spliced protein and excised intein were identified by their predicted sizes, by western blotting. The splicing efficiency at 37°C was only 25%, while at 25°C it was 100% (no band for the precursor protein was observed by western blotting).
It is interesting to note that, as a dimorphic fungus, H. capsulatum must convert the mycelia (M) to yeast (Y) form during infection under the host high temperature (37°C). If the splicing efficiency at 37°C is as low, the M-Y transition may be disturbed because many different mRNA would not be correctly spliced, which would decrease the fitness of the pathogen. Thus, our initial hypothesis was that there would be a balance between decreased fitness of the host and active spread of the HcaPRP8 inteins, leading to a long persistence of the homing endonuclease, especially if the selective disadvantage to the carrier and the mobility of the intein are not the same in different subpopulations of H. capsulatum (Gogarten and Hilario, 2006; Theodoro and Bagagli, 2009; Theodoro et al., 2011) . However, to confirm this balance we should have observed at least few empty alleles as an indicative of active spread (invasion phase). Since this was not the case, we cannot rule out the possibility of the HcaPRP8 intein is not efficient in non native Fig. 2 . Neighbor Joining (NJ) phylogenetic tree of H. capsulatum study isolates grouped into geographic clades as deduced by multilocus sequence typing. The NJ tree is representative of 1000 iterations and is limited to those that appeared in greater than 70% of those iterations, and branches with bootstrap values of less than 100% are shown. All isolates are described by their respective number (Table 1) and may be followed by the name designated by Kasuga et al. (2003) in parentheses with ''L'' preceding if noted as a lineage. Taxa with no study number indicate H. capsulatum sequences of known geographic clade (Kasuga et al., 2003) that were included in phylogenetic analysis as reference sequences Respective geographic clades are shown at right of taxonomic groups. Genbank Accession numbers for unique DNA sequences generated at the four MLST loci used to determine phylogeny are as follows: alpha-tubulin, JX431893-JX431908; ADP-ribosylation factor JX443624-JX443640; H antigen precursor, JX458483-JX458498; delta-9 fatty acid desaturase, JX458499-JX458514. extein models or that maybe this was a characteristic exclusive from that HcaPRP8 used by Liu and Yang (2004) .
The observation that all individuals from H. capsulatum population have the PRP8 intein, although going against our expectations as explained above, is actually a valuable new finding because it strengthens the idea of using this intein as a therapeutic target. The therapeutic potential of the PRP8 intein has been pointed out because it is located in an essential and most highly conserved eukaryotic gene, namely, prp8, which encodes for the Prp8 protein involved in mRNA splicing. Furthermore, the absence of this intein in the vertebrate hosts makes it a safe target for drugs that may inhibit its splicing function (Paulus, 2003; Liu and Yang, 2004; Zhang et al., 2010) . But, of course, a good therapeutic target should be present in all pathogen population and the HcaPRP8 probably fills this requirement.
Concerning the phylogenetic analysis of the PRP8 intein in Histoplasma population, most of the clades found previously by multilocus sequencing type (Kasuga et al., 2003) were here observed and in most of the cases the DNA polymorphisms were associated to the geographic location, with only one exception: the isolate 2761, from North America (Alabama, US) that shares a common ancestor with H67, a LAmA isolate. This is also observed in the MLST tree (Fig. 2) . This finding may be explained by the host (bats or human) migration from Latin America introducing this genotype in North America.
In the PRP8 intein phylogeny obtained in this study, the LAmA/ Eurasia clade also includes isolates from the LAmB and H81 lineage clades, an observation not present in the MLST performed by Kasuga et al. (2003) and herein repeated with additional samples. The LAmA clade is not considered a phylogenetic species under the criteria proposed by Dettman et al. (2003a,b) because Kasuga et al. (2003) found some discordance in the tree topologies for two (arf and tub1) of the four genes analyzed. The authors maintained it as the most diverse clade, including samples from Mexico to Brazil and also from Eurasia, probably due a recent migration from South America to Europe. In our analysis the unresolved LAmA branch, which also encompass LAmB and H81 lineages may be the result of lateral transfer events if we consider LAmA is indeed a different species: haplotypes of LAmB form a small group within the Latin American super clade, which indicates LAmB and LAmA have been genetically isolated for long time after an ancient lateral gene transfer. The mechanism by which this lateral transfer occurs is as yet unknown. Lateral gene transfer seems to be, indeed, a characteristic of some inteins. For instance, in a study of HE activity of the VMA intein from species of Saccharomyces, Posey et al. (2004) observed that the endonucleases PI-ScaI (from S. cariocanus) is more efficient to recognize and cut the vma gene of S. cerevisiae than its own vma gene being, according the authors, adapted to horizontal transfer. The PRP8 intein is also known to have been horizontally transferred from ascomycetes to basidiomycetes from Cryptococcus genus (species C. gatii and C. neoformans) (Butler et al., 2006) . However, lateral gene transfer among Histoplasma phylogenetic species complex species does not appear to have occurred by intein invasion from an intein-containing species to one without (the likely scenario that occurred between Ascomycetes and Basidiomycetes), since this parasitic element is, apparently, fixed in this genus. The most parsimonious idea is that the common ancestor of the genus Histoplasma genus already had the intein, whose phylogeny matches closely with the MLST phylogeny obtained by Kasuga et al. (2003) and also with the isolates used in this work. Indeed, lateral gene transfer by intein invasion does not appear to have happened in the PRP8 intein history within Ascomycetes. Recent findings focusing on the evolutionary diversification of the PRP8 intein among Botrytis species and other ascomycetes have shown that this element has been vertically transferred in Ascomycota. During that process, intein losses may have occurred, as evidenced by a characteristic genetic footprint left by past intein invasion (the AGY codon in the C-extein +1 residue) (Bokor et al., 2012) .
Thus, the observation of LAmB isolates inside the LAmA clade could be explained by eventual hybridization or admixture between populations with overlapped geographical areas, leading to the introgression of a gene (PRP8 intein, in this case) from one species to other or, another very reasonable hypothesis is the presence of shared ancestral polymorphism (Taylor et al., 2000) , due to a slow divergence of intein sequences, compared to the genes used in MLST, as the H. capsulatum populations diverged.
Despite of the paraphyletic status of the LAmA/Eurasia clade in the PRP8 intein phylogeny, this parasitic element showed to be suitable to distinguish among the remaining cryptic species of Histoplasma, NAm1 and 2, LAmB, Netherlands and Africa with exception of Australian isolates, whose cultures or DNAs were not accessible to perform this study, being therefore an additional molecular marker for species recognition in Histoplasma complex.
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